Prolonged sitting is a risk factor for several diseases and the prevalence of worksite-based interventions such as sit-to-stand workstations is increasing. Although their impact on sedentary behaviour has been regularly investigated, the effect of working in alternating body postures on cognitive performance is unclear. To address this uncertainty, 45 students participated in a two-arm, randomised controlled cross-over trial under laboratory conditions. Subjects executed validated cognitive tests (working speed, reaction time, concentration performance) either in sitting or alternating working postures on two separate days (ClinicalTrials.gov Identifier: NCT02863731). MANOVA results showed no significant difference in cognitive performance between trials executed in alternating, standing or sitting postures. Perceived workload did not differ between sitting and alternating days. Repeated measures ANOVA revealed significant learning effects regarding concentration performance and working speed for both days. These results suggest that working posture did not affect cognitive performance in the short term.
Introduction
Over the last few decades, novel transport systems, technical aids and ubiquitous digitalisation have shifted populations from physically intensive jobs into computer-based jobs. This shift in work has reduced occupational physical activity and indirectly promoted prolonged sitting periods (Biddle et al. 2010; Church et al. 2011) . The resulting increase in sedentary time has shown association with increased physical health problems (Brown, Miller, and Miller 2003; Gierach et al. 2009; Lis et al. 2007; Patel et al. 2006; Peeters, Burton, and Brown 2013; van der Ploeg 2012) . Some of these health problems can be mitigated by Conversely, there are also mechanisms that could plausibly decrease cognitive performance. For example, increased need for balance control results in competition for neuronal resources (Barra et al. 2015) between physical and cognitive tasks (e.g. computer work during walking) being performed in parallel. If the combination of both tasks becomes too difficult, an attention overload could be induced leading to a performance decrement in both tasks (Barra et al. 2015; Koren, Pišot, and Šimunič 2016) . It should be noted, however, that body postures requiring enhanced balance difficulty (e.g. standing, walking) can induce physical modifications (e.g. increment on brain oxygenation) that provoke higher alert states that may positively impact cognitive performance (Barra et al. 2015) .
A deleterious mechanism on cognitive performance is low-back and/or leg pain -an often occurring parameter in office environments. The primary function of pain is to disrupt attention and to impose behavioural priority (Attridge et al. 2015; Moore, Eccleston, and Keogh 2017) . Thus, pain will typically override all cognitive demands and reduce cognitive performance (Moore, Eccleston, and Keogh 2017) .
In summary, the positive effects of sit-to-stand workstations on physical health are well documented (Healy et al. 2008; Peddie et al. 2013) . Similarly, the cognitive performance aspects of dedicated standing or sitting postures have been studied (Russell et al. 2015) . By comparison, the effects of sit-to-stand transitions on cognitive performance have not been well investigated and the cognitive performance effects (positive or negative) of working in alternating postures remain unclear. Therefore, the primary aim of this study was to investigate the effects of alternating postures (sit-to-stand transitions) on cognitive performance and workload under controlled laboratory conditions. Based on the pathway mechanisms between physical activity, postural control, pain, workload and cognitive performance, we hypothesised that positive effects induced by working in alternating postures (higher physical activity, less pain development, higher alertness) would outweigh negative effects (working in uncommon postures, higher balance control) resulting in a net positive increase in cognitive performance and workload.
Methods

Participants
Participants were recruited via email and postings at the University of Applied Sciences Upper Austria and were screened by the study leader (BS) to determine their current health status. The study protocol and procedures were explained verbally. regular breaks from sitting (Healy et al. 2008 (Healy et al. , 2011 Peddie et al. 2013 ) and/or interventions such as sit-to-stand workstations (Carr et al. 2013; Healy et al. 2013; Koepp et al. 2013; Neuhaus et al. 2014) .
Recently, an increasing number of occupational performance-related studies have investigated the effects of sit-to-stand workstations (Russell et al. 2015; Straker et al. 2013) ; active workstations (Commissaris et al. 2014; Koren, Pišot, and Šimunič 2016; Ohlinger et al. 2011) ; or physical activity interventions (Conn et al. 2009 ) on cognitive performance. Commissaris et al. (2014) reported a small performance decrease in highly precise mouse-related tasks when standing; however, reading and cognitive tasks were not affected. These findings are consistent with other studies that found no significant difference in cognitive tasks when directly comparing sitting to standing (Russell et al. 2015; Straker, Levine, and Campbell 2009) . Similarly, for active workstations, a decrease in motor skill-related parameters has been shown (Commissaris et al. 2014; Koren, Pišot, and Šimunič 2016; Ohlinger et al. 2011; Straker, Levine, and Campbell 2009) , while cognitive parameters such as selective attention, working memory and working speed were not affected (Commissaris et al. 2014; Koren, Pišot, and Šimunič 2016; Ohlinger et al. 2011) . It should be noted that there are some indications that the intensity level of physical activity is decisive for alterations of cognitive performance (Koren, Pišot, and Šimunič 2016; Straker, Levine, and Campbell 2009) and that office layouts influence workload (De Croon et al. 2005) .
From physiologic and neurophysiologic perspectives, there are several mechanisms that could plausibly improve cognitive performance when using active or sit-to-stand workstations. For example, physical activities such as walking, cycling and standing are known to influence cognitive performance (Hillman, Kamijo, and Scudder 2011; Loprinzi et al. 2013; Rasberry et al. 2011; Ratey and Loehr 2011) , and improve executive functions (Colcombe and Kramer 2003; Loprinzi et al. 2013; Ratey and Loehr 2011) due to higher prefrontal cortex activities (Budde et al. 2008; Loprinzi et al. 2013; Ratey and Loehr 2011) . Short bouts of physical activity can also increase alpha activity in the precuneus which may increase concentration (Hillman, Kamijo, and Scudder 2011) . Regular physical activity results in greater cortical volumes in the frontal, temporal and parietal lobes (Loprinzi et al. 2013 ) and the hypothalamus (Loprinzi et al. 2013; Ratey and Loehr 2011) , which may contribute to improvements in attention and memory (Loprinzi et al. 2013) . Further improvements in cognitive performance may be facilitated by reduced latency of neural activity due to the greater cardio-respiratory fitness and higher cerebral blood volumes resulting from long-term physical activity (Loprinzi et al. 2013; Ratey and Loehr 2011) .
A total of 45 students between 20 and 32 years of age participated in this study (Figure 1 ) between January 2014 and March 2015. Participants were free of acute and chronic diseases, had at least a high school education, were used to computer work and were working in a sitting posture at their jobs at the time the study commenced.
This study was approved by the Ethics Committee of the University of Vienna (Reference number: 00052) and retrospectively registered (ClinicalTrials.gov Identifier: NCT02863731, July 2016). All study participants provided written, informed consent to participate prior to involvement in the study. Demographic information including age, sex, weekly sitting hours and physical activity was collected from each participant by questionnaire (Table 1) .
Study design
After baseline assessment, a two-step covariate adaptive randomisation (Kang, Ragan, and Park 2008) process was executed. On the first level, participants were randomly allocated to either the intervention or the control (no intervention) arm (2:1 ratio, two-arm design see Figure   1 ) while on a second level, intervention participants were assigned to either the first (group A, intervention first) or the second (group B, control first) intervention group (1:1 ratio). Participants were blinded to the presence of multiple intervention groups and to their own group allocation, but were not blind to their treatments (i.e. they knew on which day they would execute the study protocol in sitting or alternating postures).
Participants underwent two, one-day assessments under laboratory conditions. Both assessment days were executed individually (one participant per day) in the same laboratory. The second assessment day was executed exactly 7 days after the first one (i.e. if the first assessment day was on Monday, the second one was on the following Monday). To avoid furniture shifts within the room (e.g. by the room cleaning service), the position of each desk was permanently marked on the laboratory floor. Temperature, humidity and air movement within the room were controlled. Participants were asked to refrain from exercise, caffeine and alcohol, and undue stress for 24 h prior to assessment day. To avoid fluctuations on performance due to time-of-day, all assessment days started between 1:30 pm and 2:45 pm. and unmodified sensitivity (Hart 2006) , the short version of this questionnaire (RTLX) -consisting of six major items -was used. Influences on workload perception based on unweighted items in the RTLX were negated due to the cross-over design. To avoid missing values and to achieve a common understanding of every question, all questionnaires were interview-administered by the study leader (BS).
Participants were provided with a 30 min break, in a sitting posture, between the preparation phase and battery trials. This break was used to provide non-stressful baseline conditions for each participant.
Test battery
The battery consisted of three different tests determining working speed, reaction time and concentration performance ( Figure 2 ). The target duration for each battery was approximately 30 min in order to fulfil recommendations regarding postural change frequency (Neuhaus et al. 2014) . During each battery, subjects either stood or sat upright in an European Standard EN ISO 1335
Study protocol
The study protocol (Figure 2 ) -based on the one proposed by Schwartz and colleagues (Schwartz et al. 2016 ) -comprised of a preparation phase, followed by five repeated trials of a test battery (described below) that assessed: reaction time [digital Stroop test, (Stroop 1935) ], working speed (text editing task, self-developed see Appendix 1) and attention [d2R-test of attention, (Brickenkamp, Schmidt-Atzert, and Liepmann 2010) ]. The measurement day concluded with a closing questionnaire.
In the preparation phase, sitting time and physical activity were determined via the long version of the International Physical Activity Questionnaire [IPAQ-long, (Craig et al. 2003) ]. The questionnaire was interview-administered to avoid missing values, and used to estimate the potential bias caused by between-subject differences in physical activity and sedentary time. The IPAQ-long has exhibited high validity and reliability in several countries (Craig et al. 2003) .
The closing questionnaire was used to estimate each subject's workload by means of the NASA-TLX questionnaire (Hart, California, and Staveland 1988) . For simplicity 2010) is a pen and paper-based test, consisting of 14 lines of 57 randomly assigned letters ('d' and 'p' , surrounded by 1 to 4 dashes) and encourages participants to mark specific letters ('d' surrounded by 2 dashes). The overall duration of the d2R-test is 4 min and 40 s (20 s for each line). The test is commonly used in Europe (Duschek et al. 2009; Wassenberg et al. 2008 ) and requires only rudimentary language skills (Brickenkamp, Schmidt-Atzert, and Liepmann 2010) . The d2R-test is characterised by a high test-retest reliability (r = 0.77-0.95, (Brickenkamp, Schmidt-Atzert, and Liepmann 2010; Franzen et al. 1987) ).
Intervention
The study protocol contained five consecutive battery blocks, each lasting 28-30 min depending on the time required to complete the Stroop test (Figure 2 ). For the intervention arm, the battery blocks were executed in alternating postures (sit -stand -sit -stand -sit) either on the first or the second day of measurement, depending on the subject's group allocation (cross-over design). For control periods (i.e. non-intervention day), all five battery trials were conducted in a sitting posture (sit -sit -sit -sitsit). For the control arm, both days of measurement were conducted in a sitting posture only (sit -sit -sit -sit -sit).
Workstation design and experimental set-up
The experimental workplace used in this study was installed in a laboratory room at the University of Applied Sciences Upper Austria and consisted of two height-adjustable desks mounted next to each other ( Figure 3 ). To ensure equal conditions, every desk was furnished with the same amount and type of mice, keyboards and screens. Temperature, air flow, humidity, lighting conditions (artificial light only) and noise level were controlled and identical for both desks and between days. Prior to the measurements, working heights for the sitting and standing desks (screen and desk) as well as office chair and hardware properties (e.g. keyboard distances, screen heights, screen angles) were adjusted by the study leader according to ergonomic recommendations (e.g. elbow height for the desks, screen heights for standing (15-45°) or sitting (20-50°) postures) while accommodating participants' personal preferences so long as those preferences did not markedly deviate from the aforementioned starting recommendations.
Data processing
To reduce learning effects biases for cognitive tests, the first tests within the first battery of each measuring day were excluded from statistical analysis. Reaction time and (International Organization for Standardization 2010) compliant office chair (Kastel Kolor, Kastel s.r.l.) as specified by the study protocol. Each cognitive test in the battery was executed using its validated procedures (Brickenkamp, Schmidt-Atzert, and Liepmann 2010) . To encourage realworld and similar between-subject effort, subjects were encouraged to work as fast and as accurately as they could during each battery.
Working speed
Working speed was assessed by a digital text editing task (see example in Appendix 1). Subjects were provided with a text document where all spaces between words and sentences were removed (different text documents were used for each battery). The task required participants to manually insert spaces between letters such that words and grammatically correct sentences were created (e.g. 'ergonomic guideline' instead of 'ergonomicguideline').
The task was performed for 10 min. Words created determined working speed; errors were any misplaced spaces (e.g. 'ergonomicgui deline' instead of 'ergonomic guideline') or missing spaces (e.g. 'ergonomicguideline' instead of 'ergonomic guideline'). Working speed (words created per trial) and relative errors (%) were calculated and analysed after the last assessment day (see Appendix 1).
Reaction time
Reaction time -a commonly measured parameter to describe mental states, fatigue or performance in ergonomics research (Commissaris et al. 2014; Ohlinger et al. 2011; Russell et al. 2015) -was determined using the Stroop-Colour-Word-Conflict-Test (Van der Elst et al. 2006; MacLeod 2005; Mead et al. 2002) . This test, first described by Ridley Stroop (Stroop 1935) , encourages participants to name the text colour of 'color words' written in the same (e.g. BLUE written in blue letters, congruent task) or different colour (e.g. BLUE written in red letters, incongruent task). The test measures reaction time as well as selective attention, and exhibits a high test-retest reliability (Lemay et al. 2004; Penner et al. 2012) . For this battery, a digital Stroop test containing 190 congruent, incongruent and neutral (i.e. four crosses 'XXXX' written in different colours) items was used. The duration of this test was a minimum of 8, but not longer than 10 min, depending on participant reaction times. A fixed 5-min break occurred between successive batteries regardless of how long the subject took to complete the Stroop test portion of the battery.
Concentration performance
Concentration performance was measured using the 'd2R test of attention' . This revised version of the original 'd2-test of attention' (Brickenkamp, Schmidt-Atzert, and Liepmann
Statistical analysis
SPSS version 23 for Microsoft Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Continuous variables were expressed by means and standard deviations or median and range for skewed variables. Multivariate analysis of variance (MANOVA) was performed to compare cognitive performance test scores by group. Additionally, when the normality condition was satisfied, repeated measures ANOVAs were used to estimate the learning effect caused by repetitions of the test batteries. Furthermore, one-way ANOVAs performing group comparisons were executed. When the assumption of sphericity was violated, the significance of F-ratios was adjusted according to the Greenhouse-Geisser procedure (Greenhouse and Geisser 1959) . Friedman tests were used when normality working speed were measured and recorded automatically using software. Results from the d2r-test were analysed and digitised manually by BS. During testing subjects would occasionally deviate from protocol (e.g. ask the investigator a question mid-test thereby missing their cue) and this would lead to false reaction times. To avoid biased means due to these inappropriately long reaction times, MATLAB (MathWorks, Inc) was programmed to mark outliers and remove all responses that were more than 3 standard deviations away from the subject's mean. In total, 1.4% of all reaction time trials (2.68 ± 1.35 items per trial per person -equally distributed between participants and ranging from 0 to 8 items per trial) were excluded during the automated outlier elimination procedure. Automated outlier removal was applied only to reaction time tests and thus text editing and d2R-trials were not altered. conditions were not satisfied. Unpaired tests (normality: t-tests; violation of normality: Mann-Whitney-U tests) were used to show raw data differences between intervention and control conditions. Depending on normality, paired t-tests and Wilcoxon signed-rank tests were used to determine raw data differences between trials. To avoid alpha inflations, paired and unpaired tests were Bonferroni corrected. Normality and homogeneity of variance were estimated by Shapiro-Wilk tests and Levene tests, respectively. Common values of alpha and beta errors (α = 0.05, ß = 0.20) were accepted.
Results
Participants' characteristics Table 1 shows participants' characteristics at baseline. There were no differences in ethnicity and gender between groups. In comparison to the intervention group, the control group exhibited more participants with a completed Bachelor's degree (73.3% vs. 26.7%, p = 0.003). Non-significant differences in smoking habits were also observed. Independent t-tests did not find any differences regarding age and body mass index (BMI) between groups.
Missing values
Outside of outlier removal described above, no data loss occurred during the study.
Performance (Alternating vs. Sitting)
MANOVA showed no statistically significant differences in working speed, concentration performance or reaction time between alternating sit/stand and sitting-only days (Wilk's Δ = 0.964, F(6,170) = 0.530, p = 0.785, partial η² = 0.018). When comparing the intervention arm to the control arm, one-way ANOVA and Kruskal-Wallis tests (Table 2) demonstrated no significant differences for any performance-related parameters (p > 0.05), except perceived workload (F(2,87) = 4.417, p = 0.015, partial η² = 0.092). Post hoc independent t-tests showed that workload differed between the control arm and the intervention arm sitting period (p = 0.011).
Repeated measures ANOVA for workload perception on a daily basis (Figure 4 ) showed significant differences regarding time (F(1, 42) = 9.903, p = 0.003, partial η 2 = 0.191), and the interaction between time and group (F(2,42) = 5.710, p = 0.006, η 2 = 0.214) but narrowly did not reach significance for group (F(2,42) = 3.031, p = 0.059, η 2 = 0.126). both the intervention and control arms (Table 4) . Reaction time was statistically shorter for the fourth battery of the alternating day in the control arm. No further reaction time differences were observed (Table 4) . Concentration performance differed between the second and all following batteries for the control arm and the alternating day of the intervention arm (p < 0.003). For the intervention arm's control day this statistical difference was observed only for the fourth battery (Table 4) . Text editing accuracy decreased significantly for the intervention arm, during the fourth (alternating day only) and fifth battery tests (Table 5) , as compared to the second battery test. No battery-dependent changes in accuracy were observed for the Stroop and d2R-tests, nor for the any tests in the control arm (Table 5 ).
Performance (sit vs. stand)
MANOVA showed no significant difference between standing and sitting trials (Wilk's Δ = 0.958, F(6,170) = 0.616, p = 0.717, partial η² = 0.021) for working speed, concentration performance or reaction time. Furthermore, paired tests did not demonstrate any difference in any cognitive parameter (Table 6 ).
Discussion
To our knowledge, this study represents the first randomised controlled trial examining the effect of alternating sit-stand postures on cognitive performance and workload. Contrary to our hypothesis, we found no significant difference in cognitive performance when comparing alternating sit-to-stand and sitting-only working strategies (Table 2) . Neither were differences observed between standing and sitting performance for the alternating sitto-stand approach (Table 6 ). These results are consistent with prior findings suggesting no cognitive performance or productivity affect from sitting vs. standing (Bantoft et al. 2015; Russell et al. 2015; Straker, Levine, and Campbell 2009) nor from alternating postures (Karakolis, Barrett, and Callaghan 2016) .
Performance outcome
This study did not find a significant performance difference between alternating sitting-standing and sitting-only, a finding that is broadly similar to those of prior studies (Karakolis, Barrett, and Callaghan 2016; Russell et al. 2015) . Text editing speed and errors, reaction time and concentration performance were all statistically comparable when standing vs. when sitting. However, contrary to our expectations, we found very small effect sizes (Cohen's d: 0.007-0.057) as compared to prior studies of cognitive parameters such as mouse dexterity (Commissaris et al.
Battery performance
Repeated measures ANOVA (Table 3 ) showed a significant difference in time (i.e. differences between the batteries) for working speed (F(2.217, 192 .905) = 18.418, p = 0.000, partial η² = 0.175) and concentration performance (F(2.505, 217.966) = 39.252, p = 0.000, partial η² = 0.311), but not for reaction time (F(2.636, 229.347) = 2.219, p = 0.095, partial η² = 0.025). Furthermore, there were no significant differences for group and the interaction of group and time (p > 0.05).
Non-parametric Friedman tests of differences among repeated measures exhibited significant differences in text editing accuracy (χ² = 38.757, p = 0.000), but not for Stroop (χ² = 2.980, p = 0.395) and d2R-test (χ² = 2.708, p = 0.439) accuracy.
One-way ANOVA did not demonstrate any significant group difference (p > 0.05) for working speed, reaction time or concentration performance (Table 4) . Similarly, accuracy did not differ between groups (Friedman, p > 0.05).
Repeated measures analyses showed within-measurement day time dependencies (i.e. battery dependence) for several variables. For working speed, pairwise tests comparing the second battery to subsequent batteries showed significant differences for the third battery (p < 0.0028), in note: Asterisks representing significant differences -*p < 0.05, **p < 0.01, ***p < 0.001. present have shown negative influences on motor tasks such as mouse dexterity (Commissaris et al. 2014; John et al. 2009; Straker, Levine, and Campbell 2009 ) and typing (Commissaris et al. 2014; John et al. 2009; Ohlinger et al. 2011) . Physical activity intensity for standing is higher compared to sitting (Júdice et al. 2016; Levine and Miller 2007) ; however, it is considerably smaller than the intensity of slowly walking or cycling (Ainsworth et al. 2000) .
2014; Ghesmaty Sangachin, Gustafson, and Cavuoto 2016), typing performance (Funk et al. 2012 ) and typing speed (Straker, Levine, and Campbell 2009 ), all of which had strong effect sizes (Cohen's d > 1.2). This small effect size limited our statistical power to 0.06 and this alone might explain the negative findings. Prior studies in occupational environments where physical activity during work (e.g. walking or cycling) is Table 4 . Battery-based working speed, reaction time and concentration performance: intervention (alternating and sitting postures) and control group (sitting posture) comparison.
notes: Pilot runs were not part of the statistical analysis. *p < 0.05 for between-battery change as compared to battery ii (paired test, Bonferroni corrected); **p < 0.01 for between-battery change as compared to battery ii (paired test, Bonferroni corrected); ***p < 0.001 for between-battery change as compared to battery ii (paired test, Bonferroni corrected).
Intervention arm
Sit-alternating Table 5 . individual battery accuracy rates: intervention (alternating and sitting postures) and control group (sitting posture) comparison.
notes: Pilot runs were not part of the statistical analysis. *p < 0.05 for between-battery change as compared to battery ii (paired test, Bonferroni corrected); **p < 0.01 for between-battery change as compared to battery ii (paired test, Bonferroni corrected).
Intervention arm Control arm
Measure Alternating (n = 30) Sit (n = 30) that monotonous and repetitive tasks can facilitate mental fatigue (Tanaka et al. 2012) , which is related to a loss in performance (Barwick, Arnett, and Slobounov 2012; Zhao et al. 2012 ) and accuracy (Barwick, Arnett, and Slobounov 2012; Tanaka et al. 2012) . Regardless, both arms of the study appeared to be affected by this phenomenon and thus it is unlikely to have biased the results. Concentration time improved from battery I to II and then apparently continued to improve into the third or even fourth batteries (although this further improvement is only modestly significant for the control side of the intervention arm). Concentration was assessed using the d2R-test and studies have shown that multiple d2R repetitions can lead to high learning effects (Budde et al. 2008; Lufi, Tzischinsky, and Hadar 2011) and better pattern recognitions (Xue et al. 2010) , which could result in performance increases, regardless of accruing mental fatigue. Again, both arms were affected by this phenomenon and thus this trend was unlikely to have biased results.
Workload perception
Workload represents the effort people expend to accomplish a task (Hart 2006) and is related to personal feelings (Warr 1990) , mental fatigue (Hockey and Earle 2006; Rydstedt, Johansson, and Evans 1998) , need for recovery (Sonnentag and Zijlstra 2006) and musculoskeletal disorder symptoms (Byström, Hanse, and Kjellberg 2004) . In occupational environments, workload can be altered by self-determined working (Hockey and Earle 2006) , office design (De Croon et al. 2005) and physical activities such as walking (Ghesmaty Sangachin, Gustafson, and Cavuoto 2016; John et al. 2009 ).
This study found no workload differences for people working in alternating postures. These findings are consistent with prior studies suggesting that neither relatively lower physical activity (Ohlinger et al. 2011; Russell et al. 2015) nor working in standing postures (Drury et al. 2008 ; Ghesmaty Sangachin, Gustafson, and Cavuoto 2016) Thus, it is possible that standing alone does not have a meaningful effect on motor performance. Alternatively, it is possible that this study's sole test requiring specific motor movements (digital Stroop test) was simply unable to detect fine motor skill decrements that might have been occurring. Had we measured parameters such as higher (Ghesmaty Sangachin, Gustafson, and Cavuoto 2016) or lower (Commissaris et al. 2014 ) mouse reaction times, it is possible that a statistical difference in performance between sit and stand and sit-only would have been observed. However, the results of this study suggest that such a difference would likely be small and perhaps not practically affect work outcomes in 'real-world' situations.
Studies have shown that learning effects are a common problem for repeated measures of cognitive test batteries (Nuechterlein et al. 2008; Russell et al. 2015 ) and thus we dropped the first battery from all analyses. To determine if there were potentially further time-dependent differences, we compared batteries III, IV and V to battery II (see Table 4 and Table 5 ). As expected, reaction time (assessed with the digital Stroop test) improved from battery I to II and then stabilised for all remaining batteries. A statistically significant decrease in reaction time was identified for battery IV of the alternating side of the intervention arm; however, the actual reaction time difference between battery II and IV was 16.0 ms or about 2.2%, a value which is likely caused by minor non-significant reaction times differences (10.7 ms or about 1.5%) while standing (see Table 6 ).
Working speed improved by about 8% from battery I to battery II, and then further improved by about another 4% from battery II to battery III, after which speed modestly reduced and stabilised for batteries III and IV. Percentage of errors for text editing (i.e. working speed) similarly decreased into battery III and then began to increase again (though the increases were more modest and not statistically significant in the control arm). It seems likely that learning effects were continuing into the third battery and then subdued into the final batteries as mental fatigue began to play a role. In this regard, it is well known Austrian universities (Table 1 ) creating a potentially relevant selection bias. In addition, participants received no financial compensation for their participation and thus it is reasonable to assume that participants were very highly motivated and interested. The fact that participants of this study performed much better than their comparative age cohorts in prior studies [based on d2r-test normative values (Brickenkamp, Schmidt-Atzert, and Liepmann 2010)] suggests that a volunteer bias may be present. Because of these biases, estimations about the effects of alternating postures on cognitive performance and workload for the general office worker population should be assessed with care. Furthermore, the small sample size paired with small effect sizes limited the power of our analysis and should be considered when interpreting results.
Conclusion
Several studies have shown positive effects of sit-to-stand workstations on sedentary behaviour (Neuhaus et al. 2014; Shrestha et al. 2015) . Nevertheless, reservations concerning their effect on cognitive performance persist. This study used a randomised control cross-over trial design, and strong statistical methods -as suggested in previous research (Russell et al. 2015 ) -but found no significant difference in cognitive performance between alternating, sitting and standing postures. Alterations in workload were noticeably larger than those for cognitive performance, but not sufficiently large to reach statistical significance given the sample size of the study. The findings of this study suggest that reservations concerning performance reduction due to alternating working postures might be unfounded. However, the findings also suggest that further research with sufficient statistical power and additional intervention time is warranted and needed to determine whether there is a long-lasting effect of alternating working postures on cognitive performance and workload.
have an effect on cognitive performance. One study by Hasegawa et al. (2001) suggested lower workloads occur when alternating body postures; however, that study relied on less rigorous measurement methods. One plausible explanation for the statistically equivalent between-posture workloads observed in this study is that the marginal increase of physical activity for standing or alternating postures (Ainsworth et al. 1993; Júdice et al. 2016 ) is not strong enough to induce the workload-related changes seen in prior studies that included walking (Ghesmaty Sangachin, Gustafson, and Cavuoto 2016; John et al. 2009 ).
Interestingly, while there were no apparent differences between sit and stand, there were significant differences between the intervention arm's control period and the control arm (Figure 4) . We believe that there were variations in workload estimation between intervention and control arm participants due to the missing weighting procedure for the NASA-TLX questionnaire and time-dependent changes within the subgroups of the intervention arm. Although the cross-over design within the intervention arm negated the bias caused by these unweighted items, this bias still existed for the control arm and likely resulted in structurally different baseline values between the two control populations.
Furthermore, a significant decrease between the first and the second day of measurement for the control arm and the intervention arm's intervention period participants occurred. Conversely, the workload slightly increased for the intervention arm's control period. In our study, participants were recruited from several Austrian universities and were not compensated for their time. It is possible that volunteer bias led to participants being more familiar with and/or interested in working in alternative ways. In turn this may have resulted in a nocebo-effect -transferring negative expectations onto personal perception (Olshansky 2007; Vase, Skyt, and Hall 2016) -driven by the intervention group participants' expectations that returning to the non-novel sitting procedure would be more burdensome.
Lastly, the statistical power of the analysis limited the validity of the study results and may explain the lack of statistical difference in workload. The effect size for perceived workload (d: 0.40) was in line with our hypothesis; however, the realised sample size resulted in statistical power of about 0.56.
Limitations
Stringent inclusion criteria paired with strong procedure restrictions (i.e. 2 days with exactly 7 days in between, measurements only in the afternoon) made recruitment of experienced office workers infeasible. Rather, participants in this study were 45 students from several Text structure after 10 minutes of text editing (German text, Arial 12, 1.15 line spacing, 150% zoom) 
